Introduction
Apolipoprotein E (apoE)' is a major apolipoprotein found in plasma chylomicrons, chylomicron remnants, very low density lipoprotein, and high density lipoprotein, in man and in other mammalian species (1, 2). Rall et al. (3) have reported the complete amino acid sequence ofapoE. It is a 299-residue polypeptide of 34,000 D. ApoE plays an important role in cholesterol metabolism as a recognition signal for the receptor-mediated hepatic removal of cholesterol-laden HDL and chylomicron remnants from the circulation (1, 2, (4) (5) (6) . It binds to the low density lipoprotein receptor of various cells and tissues. It also binds to a specific apoE receptor in the liver and mediates the hepatic uptake of chylomicron remnants. In this way, apoE appears to function in the movement ofcholesterol from peripheral tissues to the liver for metabolism and elimination (1, 2, 5, 6 ).
In the rat, the liver, and to a much lesser extent, the small intestine appear to be the major sources of plasma apoE (7) (8) (9) . Furthermore, the rate of apoE synthesis in these organs was modulated by dietary manipulations in this animal (7) (8) (9) . Basu (22) or ABC system. Thereafter, the procedure used was the same as the ABC method.
After additional washing in PBSC for 10 min twice, sections were fixed in 2.5% glutaraldehyde for 5 min and incubated with 0.05% 3,3'-diaminobenzidine 4 HCI in 0.2 M Tris-HCl buffer, pH 7.2, plus 0.005% H202 for 5 min. They were then washed in PBSC and refixed in 0.01% Os04 for 30 s. After rinsing in water, they were mounted in 50% glycerine in phosphate buffer. The slides were sealed with fingernail polish and observed under the light microscope.
For control experiments, some sections were incubated with normal rabbit serum instead of the specific antiserum; other sections were incubated with rabbit antiserum against ovalbumin or with antiserum against apoE that had been previously adsorbed with excess purified human apoE. All three controls were included in each of the tissues studied.
Results
Reactivity ofanti-human apoE serum against baboon apoE. To test the reactivity of the rabbit antiserum against baboon apoE, human very low density lipoprotein (VLDL), baboon serum and baboon VLDL apoproteins were fractionated in 10% SDSpolyacrylamide gel electrophoresis (PAGE) and electrophoretically transferred to a nitrocellulose paper. The immunoblot was stained with rabbit anti-human apoE or with preimmune serum using the immunoperoxidase technique (20) (Fig. 1 A) . A single band was detected in both the human and the baboon samples ( Fig. 1 A, lanes 2-4). Addition of excess purified human apoE abolished all three bands (data not shown), and incubation with preimmune serum did not reveal any specific band ( in a reticulocyte lysate system as previously described (17) . Imnmunoprecipitation ofthe products using the antiserum resulted in a single radioactive band on an SDS gel ( Fig. 1 B) . It should be noted that in a previous study using the same antiserum, only a single in vitro product was precipitated following the translation of mRNA extracted from human liver as well as from several different baboon tissues, including liver, adrenal, spleen, brain, kidney, and intestine (17) . Immunohistochemistry. Using an antiserum specific for apoE, we have studied the distribution of immunoreactive apoE in various baboon tissues by the indirect immunoperoxidase 7D macrophages (small black and white arrowheads) in the interstitial space also contain reaction products (X 1,100). (C) A photomicrograph of the middle portion of the gastric mucosa showing individual gastric epithelia cells (black arrowheads) that contain intensely stained reaction products. Some macrophages (small black and white arrowheads) in the interstitial spaces are also stained (X 1,100). (D) A control section stained with antiserum against ovalbumin shows no reaction products (X 1,400). method using the ABC (22) and peroxidase-antiperoxidase complex (PAP) (23) techniques. The following are descriptions of the immunohistolocalization of apoE in various baboon tissues. Many of the details of the localization are also described in the accompanying figure legends. In the blood vessels of the tissues studied, immunoreactive apoE was observed extracellularly on the luminal surface, and occasionally, small amounts of intracellular reaction product were also detected in the endothelial cells. Otherwise, immunoreactive apoE was confined to the specific cell types described below.
Cerebral cortex. We have studied the frontal lobe of the ba- Figure 8 . Immunolocalization of apoE in the liver. (A) Individual hepatocytes contain a few granular reaction products (medium black arrowheads) only. The plasma membrane facing the sinusoidal space also shows some staining (small arrowheads). Some reaction products boon cerebral cortex. Immunoreactive apoE reaction products were found in both white and gray matters (Fig. 2) . The staining was confined to the glial cells, especially the astrocytes. In the white matter, some glial cell bodies and most of their processes contained reaction products (Fig. 2 B) . Typical stained astrocytic processes ending on the small blood vessels were seen in places (Fig. 2 C) . A similar staining pattern was also found in the gray matter (Fig. 2 A) . However, none of the neurons contained any reaction products (Fig. 2 A) . Thyroid gland. In the thyroid gland, variable amounts of granular reaction products were seen distributed throughout the cytoplasm of the follicular epithelia (Fig. 3 A) . The interstitial cells and matrices were not stained. The colloidal substance in the individual follicles contained no reaction products.
Lung. In the normal lung tissue, immunoreactive apoE was seen mainly in some pneumocytes lining the alveolar septa (Fig.   4 A) arrowheads, and 4 B, black arrowheads). Some type II pneumocytes containing granular reaction products (Fig. 4 B, black and white arrowhead) were also observed. The septal capillary endothelia and fibrous tissue were not stained. In areas of atelectasis and septal fibrosis, some free macrophages (Fig. 4 , black and white arrowheads) as well as type II pneumocytes (Fig. 4 C, black arrowheads) were also stained. The bronchiolar epithelia and the small blood vessels were stained in occasional sections.
Adrenal gland. In the adrenal gland, the cortex showed intense staining, while the medulla showed moderate staining. In the adrenal cortex, cells in the zona fasciculata and zona reticularis contained numerous granular reaction products (Fig. 5,  A and B) . In the zona glomerulosa, only the plasma membrane and not the cytoplasm, was stained (Fig. 5 A, small arrowheads) . The adrenal medullary cells contained moderate amounts of granular reaction products dispersed in the cytoplasm (data not shown).
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are detected in the Kupffer cells (large arrowheads) (X 1,400). (B) A control section stained with antiserum that has been preadsorbed with excess human apoE shows no reaction product (X 1,600).
Pancreas. In the pancreas, the exocrine glandular tissue showed no staining. However, all of the islets of Langerhans contained reaction products (Fig. 6) . In each islet, the majority of the stained islet cells contained such products in the form of granules (Fig. 6, A and B) . These cells were located mainly in the peripheral regions of the islet. The central region of the islet was much less stained (Fig. 6 B) .
Stomach. In the stomach, granular reaction products were generally confined to some of the gastric glandular epithelia (Fig.  7, A-C) . The stained epithelia were mainly localized in the basal area ofeach gastric gland, though not all basal glandular epithelia were stained. Some epithelia contained more reaction products than others (Fig. 7, B and C) . The macrophages in the lamina propria and interstitial spaces were also stained (Fig. 7 , B and C, black and white arrowheads).
Liver. Essentially all hepatocytes contained immunoreactive products on immunostaining. These products were in the form of cytoplasmic granules (Fig. 8 A, large black arrowhead) . Each hepatocyte contained only a limited number of such granules. The plasma membrane of the hepatocyte facing the sinusoid was also stained (Fig. 8 A, small black arrowheads) . Most of the Kupffer cells contained some reaction products (Fig. 8 A, medium black arrowheads). In the portal area, the bile duct epithelia and the blood vessels occasionally showed very weak immunostaining.
Kidney. In the kidney, the epithelia in most of the proximal convoluted tubules (Fig. 9 A) , and in some of the distal convoluted tubules (Fig. 9 , B and C) contained cytoplasmic granular reaction products. The loop of Henle and the collecting tubules were rarely stained. The glomeruli and small renal vessels occasionally showed weak staining. In the proximal convoluted tubular epithelia, the granules were unevenly distributed, and in most cases, were more prominent near the brush border (Fig.  9, A and C, larger arrowheads) voluted tubular epithelia that showed positive staining for apoE, the immunoreactive granules were evenly dispersed in the whole cytoplasm (Fig. 9 , B and C, small arrowheads).
Spleen and lymph nodes. In the spleen, granular reaction products were observed exclusively in macrophages (histiocytes) in the lymphoid follicles as well as in the nonfollicular regions (Fig. 10, A and B) . Similarly, in the lymph node, granular reaction products were localized in the cytoplasm of macrophages ( Fig.  1 1, A and B) . In each organ, the surface of some lymphoid cells also showed weak staining (Figs. 10 B, 11 B, small black arrowheads), but no intracellular granular staining was found in these cells. Ovary. In the ovary, only the follicles showed immunoreactive apoE. The stroma were entirely negative. In the primordial bules, granular reaction products are present in somewhat fewer tubular epithelia (small arrowheads). The epithelia of the loop of Henle are rarely stained. Large arrowheads mark the staining close to the brush border (B, X 1,300; C, x 1,200). (D) A control section stained with preimmune serum shows no reaction products (X 600). follicle ( Fig. 12 A) , growing follicles, and mature follicles, the ovum (oocyte) contained diffuse reaction products in the cytoplasm (Fig. 12, A and B) . The zona pellucida of the ovum did not contain any immunoreactive apoE (Fig. 12 B) , while the foot processes of the follicular cells in the corona radiata attached on the zona pellucida were intensely stained. Most of the follicular epithelia in the individual follicles showed reaction products associated with their plasma membranes (Fig. 12 C) (12) (13) (14) (15) (16) (17) (18) .
In the cerebral cortex of the frontal lobe, only glial cells but not neuronal cells were stained by the apoE antiserum. Reaction A -, products were seen in the glial cell bodies and along their processes. Sometimes, the stained processes were found ending on the small blood vessels (Fig. 2 A and C) . The staining in the cell t<5 bodies and their processes appeared to be homogeneously distributed. However, under light microscopic observation, we could not distinguish between the following two possibilities: (a) that the apparently homogeneous staining was caused by the presence ofnumerous closely spaced reaction product-containing vesicles; or (b) that it was the result of immunoreactive apoE occurring free in the cytoplasm of the cell. Our findings support the previous biochemical studies indicating that the cerebral cortex synthesized apoE (13, (15) (16) (17) (18) . Furthermore, they indicate that the cerebral glial cells are the sites of synthesis ofthis protein.
While this study was in progress, Boyles et al. (24) presented a detailed analysis of the distribution of immunoreactive apoE in the central and peripheral nervous system in the rat and the mouse. Our observations in the baboon (and the rhesus monkey) generally agree with their findings. ApoE appears to be a widely distributed cellular protein in the mammalian nervous system.
In the various organs we have studied, the distribution and pattern of immunoreactive apoE in each cell type are unique. Granular reaction products, suggestive of apoE-containing secretory vesicles, were found in the thyroid follicular epithelia, alveolar type II pneumocytes, hepatocytes, the zona fasciculata 10C Figure 10 . Immunolocalization of apoE in the spleen. (A) Granular reaction products are present in the histiocytic macrophages in both the white pulp (black arrowheads) and the red pulp (small black and white arrowheads). The trabeculae (T) and their vascular components are not stained, but the cell surfaces of some lymphocytes show weak staining. L, lymphoid nodule (X 600). (B) A higher magnification taken from (A). In this area, the reaction products are better demonstrated in some macrophages (large and medium arrowheads) and on the surface of some lymphocytes (small arrowheads). L, lymphoid nodule (X 1,300). (Inset) A higher magnification taken from the area marked by the large arrowhead of (B) . Peroxidase reaction product is present in the cytoplasm of a macrophage (large arrowhead) and on the surfaces of lymphoid cells (small arrowheads) (X 2,800). The surface immunostaining is much more readily discerned in the original slide. (C) A control section stained with preimmune serum shows no reaction product. (X 2,500). (10) (11) (12) (13) (14) (15) (16) (17) (18) . The presence of apoE mRNA was also confirmed by in vitro translation and by nucleic acid hybridization in these tissues (13, (15) (16) (17) (18) . The granular nature of the immunoreactive apoE suggests that the protein might be secreted from these various cell types. While there are experiments which demonstrate that such is the case in the liver cells (7, 8, 12) , direct evidence for this process in the other organs and tissues must await further biochemical and physiological studies.
In other cell types, immunoreactive apoE was found also or mainly associated with the plasma membranes. These include the hepatocytes, the adrenal cortical epithelia in the zona glomerulosa, the follicular cells in the ovary and the parathyroid epithelia (data not shown). Furthermore, some lymphocytes in the spleen and lymph node also showed weak staining. Such a distribution suggests that except for the hepatocytes (which also contain intracellular apoE), the presence of reaction products on the cell membrane of many of these cells might be the result of apoE bound to the membrane of these cells, and the cells might not be the source of the protein.
One tissue that contained a unique distribution of reaction products was the ovum. The immunostaining was quite homogeneous throughout the cytoplasm ofthe ovum. In contrast, the zona pellucida contained no detectable reaction products. This observation suggests that the ovum may synthesize apoE which might serve an intracellular function. The possibility that the protein has been taken up and internalized from an exogenous source cannot be excluded by this study. Our observations in this tissue should be interpreted in the light of the study of Driscoll et al. (25) that in the rat, the ovarian granulosa cells synthesize apoE, and the synthesis of this protein in these cells appears to be regulated by follicle-stimulating hormone.
The stained cells in the gastric mucosa was seen mostly in the basal gastric glandular region. It alternative functions for the protein. For example, the demonstration of apoE in pancreatic islets may be indicative of some local endocrine or paracrine function. Similarly, the presence of the protein in other endocrine tissues such as the adrenal cortex and medulla, the thyroid gland and the ovary also suggests that apoE might contribute, in some way, to the local hormonal homeostasis in these organs. The presence of immunoreactive apoE in other organs such as the tubular epithelia ofthe kidney and the glandular epithelia of the stomach also suggests potentially important functions of apoE in these highly differentiated tissues. The fact that a single patient with plasma apoE deficiency has been described (28, 29) should not negate these other potential roles for this protein, since such functions may be assumed by other proteins. A similar situation is noted in the case of analbuminemia where the absence of a major physiological serum protein is consistent with relatively normal health (30-32). Additional investigations using isolated organs, tissues, and cells are needed to further define the physiological roles ofapoE, a widely distributed cellular protein.
